Introduction
leaf reddening are as a protection against excess light and UV-B radiation, herbivory 99 defence or osmotic adjustment. Aboveground interactions with other plants might be 100 crucial to the ecology of carnivorous plants (Ellison et al., 2003) because the costs of 101 carnivory mean that a net benefit should only occur in high-light environments 102 (Givnish et al., 1984) . Aboveground interactions with shrubs might be particularly 103 important for the ecology of D. rotundifolia because of its rosette form, with leaves 104 close to the bog surface, meaning it is usually subordinate in the plant canopy.
105
We used both a correlative and experimental approach to explore in ombrotrophic
106
(rain fed) bogs the relationship between latitude, vegetation structure and leaf colour (Willis et al., 2011; Koski & Ashman, 2015) .
122

Materials and Methods
123
Correlative study 124 For the correlative study 25 ombrotrophic bogs were chosen across western and 125 northern Europe covering 26.4 degrees of longitude (-7.638 -18.810 °E) , and 21.1 determine the impact of the vegetation canopy on the light environment at the bog 139 surface we measured photosynthetically active radiation (PAR) above the plant 140 canopy and on the bog surface at five points using a PAR quantum sensor (SKP 141 215, Skye Instruments, Powys, UK). PAR was always measured between 10:00 and 142 15:00. One fully formed leaf was removed from each of ten D. rotundifolia plants per 143 plot and kept chilled at below 10°C but above 0°C before colour analysis. As soon as 144 possible, and within 4 hours, we measured the spectral reflectance of the leaves 145 within the wavelength range 400-800 nm using a VIS-NIR spectrometer (USB4000, this is the proportion of the photograph that is sky (rather than vegetation). We 158 carried out the initial data analyses with and without these canopy photograph data.
159
The results of both approaches were qualitatively identical; because of this, and 160 because these canopy photography data were only available for a smaller sub-set of 161 sites, we excluded these data from the analyses. At all sites, no shading of plots was 162 present due to rocks or trees. Leaf reflectance data were used to calculate leaf 163 colour using SPECTRASUITE 2.0 (Ocean Optics 2010). We determined the colour of 164 the leaves using multiple colour measures: a* (a measure of red -green colour) in 165 CIE 1976 (L*a*b*) colour space (CIELAB), 'dominant wavelength' (the dominant 166 wavelength of the colour in CIE 1976 colourspace, removing differences in saturation 167 or intensity), mean red (600-699 nm), green (500-599 nm) reflectance and the ratio plots, each on a different Sphagnum hummock. At each hummock, we established 181 three 0.5 x 0.5 m sub-plots. Each sub-plot was randomly allocated to one of three 
263
We did this tested using a randomised block design ANOVA with hummocks as 264 blocks and subplots as treatments within blocks. Differences between the three 265 treatments were tested using post-hoc comparisons (Fisher's LSD).
266
Results
267
PCA results
268
For the bioclimatic variables, the first three PCA axes explained total of 85.5% of summer temperatures/longer growing seasons (Fig. 3d ).
318
Canopy influence was greater on sites with a more maritime climate than on sites 319 with a more continental climate (Fig. 4a) . Drosera rotundifolia on sites with a more 320 continental climate had redder leaves than those with a more maritime climate (Fig. 321 4b). Sites with higher nutrient deposition had higher canopy influence than those with 322 lower nutrient deposition (Fig. 4c) . Drosera rotundifolia in these higher nutrient 357 rotundifolia leaf colour was not present (Fig. 6 ).
358
Discussion
359
We demonstrate systematic geographic variability in plant leaf colour for the first 360 time. Drosera rotundifolia leaves were redder in more northerly and easterly sites.
361
Our results provide evidence that this pattern may be controlled to some extent by , 2008; Alho et al., 2010; Tuomaala et al., 2012; Zeuss et al., 2014) intuitive, but has not been previously suggested.
444
An alternative and intriguing hypothesis is that leaf redness in Drosera rotundifolia is 445 an anti-herbivory adaptation-either providing crypsis, or as an aposematic warning.
446
There is some evidence for this in other plant species (Manetas 2006 Location of study sites (site details in Table S1 ). The colour of the markers is UK6  UK5  UK9  SW4  SW6  SW7  UK8  UK4  UK7  UK10  UK1  IRE  SW1  SW2  SW3 Appendix S1 Characteristics of study sites. Appendix S2 Leaf colour measurement methods 1 Leaf reflectance was measured using an Ocean Optics USB4000 VIS-NIR miniature spectrometer. This 2 spectrometer measures reflectance in the range 350-1000 nm in steps of 25 μm. Because plant 3 pigments degrade over time, we measured colour in the field. We therefore used the sun as the light 4 source and adjusted using a Kodak white balance card (90% reflectance). We held the sensor 2 cm 5 from the leaf surface, data were captured using the Ocean optics SpectraSuite software. One single 6 measure of reflectance was used for each leaf based on the mean of 20 measurements. Data were 7 smoothed using a boxcar width of 20 data points. Once captured we calculated colour measures 8 using the SpectraSuite software assuming a D75 illuminant and a 2 degree observer. We calculated 9 the location of the colour of the leaf in CIE 1976 (L*a*b*) colour space (CIELAB). This standard colour 10 space includes all colours perceivable to humans. Each colour is defined by its position in the colour 11 space based on the 'Lightness' (L*) of a colour, its position between red and green (a*, negative = 12 green, positive = red) and its position between blue and yellow (b*, negative-blue, positive = yellow). Table S3 .3 Results of stepwise multiple regression analysis of geographic variation in principle component axis scores from principle components analysis of abiotic 31 conditions at each site. a. Axis 1, which reflects nutrient deposition differences among the sites, with high scores on this axis representing sites with a high N and S 32 deposition load (higher total N, total S, NO3 and NH4 deposition); b. axis 2 which reflects differences among sites in summer meteorological conditions, sites with high 33 scores on this axis had warmer summers and a longer growing season (higher mean summer temperature, high maximum July temperature and high GDD); c. axis 3 which 34 reflects the continentality of the climate, sites with high scores on this axis had a more maritime, less continental climate (high January minimum temperature, mean 35 annual temperature, and precipitation, and low monthly temperature variance high scores on this axis representing sites with a high N and S deposition load (higher total N, total S, NO3 and NH4 deposition); axis 2 reflects differences among sites in 47 summer meteorological conditions, sites with high scores on this axis had warmer summers and a longer growing season (higher mean summer temperature, high 48 maximum July temperature and high GDD); axis 3 reflects the continentality of the climate, sites with high scores on this axis had a more maritime, less continental climate 49 (high January minimum temperature, mean annual temperature, and precipitation, and low monthly temperature variance). 50 a. Drosera rotundifolia leaf colour 51 
